INTRODUCTION
It has been recognized that different cell types participate in immune response. If. it be possible to separate heterogeneous lymphoid cells into functionally homogeneous populations according to various physical or biological attributes, cellular events in antibody production can be further analyzed.
Several research groups have reported that spleen cells can be fractionated into sub-populations with different biological functions by albumin density gradient centrifugation on the basis of differences in cell density (Raidt, Mishell and Dutton, 1968; Haskill, Byrt and Marbrook, 1970; L'age-Stehr and Herzenberg, 1970; Moller and Hiesche, 1970) . However, use of human or bovine serum albumin solution as the separation medium does not seem adequate for some experiments, since albumin itself causes reaction of the immunocompetent cells to it as antigen. Kinoshita et al . (1970) presented a separation method of lymphocytes depending on their differences in sedimentation velosity in gum acacia gradients.
In this paper, spleen cells from mice at various stages of immune response to sheep erythrocytes were fractionated by equilibrium centrifugation in gum acacia density gradient and properties of the fractionated cells were investigated. 
MATERIALS AND METHODS

Mice
RESULTS
By the method of differential flotation in disconti nuous gum acacia density gradients, spleen cells taken from non-Primed or premed mice were sep arated into 6 f ractions as shown in Fig . 1 . To elucidate the biological properties of the fr actions distrib utions of cells, PFC, PFC precursors and antigen reacti ve cells (ARC) were i nvestigated.
In addition , morphological features and synthetic activities of DNA , RNA and protein were ex amined. Distributions of cells and of PEG: Distribution pr ofiles of the total nucleated cells in the spleens , and of direct and indirect PFC against SRBC in the same spleens Fig. 1 . Diagramatic presentation of the cell fractionation method. Spleen cell suspension in 40% gum solution (sp. gr., 1.110) was layered on 50% gum solution (sp. gr., 1.135).
They were overlaid with gum solutions of specific gravities as indicated.
Centrifugation was carried out at 20,000g for 30 min at 5 C. Cells were fractionated into six discrete bands (I, II, III. IV, V and VI) as shown in the photograph.
N. P. S., non-primed spleen cells; P. S., spleen cells 4 days after priming with SRBC. Distribution profiles of direct and indirect PFC are quite different from that of the nucleated cells in the spleens from the primed mice (' Fig. 2 ). Both direct and indirect PFC profiles show bi-phasic distributions, with the peaks at fractions III and V. From this, at least two kinds of PFC differing in density are shown. Tt kniiw the relation between the high and low density PFC populations, modems of direct and indirect PFC increases in fraction III were compared with those in fraction V after SRBC injection.
As shown in Fig. 3 , direct and indirect PFC in fraction III begin to increase respectively from 24 and 36 hr after priming, while the corresponding PFC in fraction V require additional 12 and 24 hr, respectively, to do so. et al. Vol. 24 In our fractionation, more than 60% of direct or indirect PFC are in low density fractions I, II and III, while about 80% of the total nucleated cells are in high density fractions IV, V and VI. Consequently, both direct and indirect PFC are concentrated in low density fractions I, II and III (Fig. 4) .
Morphological features of cells in each fraction : Fractionated spleen cells from 5 normal mice and 5 primed mice 4 days after SRBC injection were observed mor- phologically.
Spleen cells were tentatively classified into small, medium and large lymphocytes, small, medium and large reticulum cells, medium and large blast cells, plasma cells, myelogenic cells and erythrocytes.
In immune response to SRBC, there were little differences in distribution profiles between medium and large lymphocytes, among small, medium and large reticulum cells, and between medium and large blast cells, so these cell groups were expressed as medium-large lymphocytes, reticulum cells and blast cells, respectively, As already mentioned, the number of spleen cells from mice 4 days after priming is about 1.6 times that from normal mice. This increase in cell number is due to that of all cell types except small lymphocytes (Fig. 5) . Only small lymphocytes in fraction V decrease markedly after priming.
This implies that some small lymphocytes transform into other morphological types by the antigen stimulation. With regard to the origin of small lymphocytes of fraction V, it is possible to consider that a part of them comes from the thymus, since thymus cells are solely distributed in the same fraction (Fig. 6) .
On the other hand, striking increases in reticulum and blast cells are seen after priming (Fig. 5) . To find out the significance of these increases, the distribution profile of reticulum or blast cells was compared with that of PFC.
Most cell groups including reticulum cells form mono-phasic patterns as erythrocytes.
In contrast to these groups, the distribution profile of primed blast cells is bi-phasic. Only this profile is similar to that of PFC. The results suggest that PFC may be closely related with blast cells.
DNA, RNA and protein synthesis : Spleen cells from mice at various stages of immune response to SRBC were . pulse-labeled with 3H-thymidine, 3H-uridine or 14C-amino acids, and fractionated by gum acacia density gradient centrifugation.
In Fig.  7 , radioactivities incorporated into TCA-insoluble materials per 106 cells in each fraction are plotted against days after SRBC injection. Significant increase in radioactivity is observed exclusively in low density and PFC-rich fraction (I+II+III) * from. 2 * Fraction (1+11+111) was treated as a cell fraction including fractions I , II and III for convenience. or 3 days after priming.
Patterns showing synthetic activity in each fraction bear some resemblance t4 the curves representing PFC 'increase as shown in Fig. 8 .
It is, therefore, assumed that most of the synthetic activities 2 days after priming with SRBC naay be due to the activities of PFC. From this standpoint radioactivities per PFC in the low density fractions were plotted against days after SRBC injection.. Fib.. 9 show that radioaetivities per FFC gonad 2 days after SRBC injection are higher than those obtained thereafter.
This fact can be interpreted as indi- 
c ating that PFC at the early stage have higher synthetic activities ithan those at later stages, or that some of the radioactivities are due to such cells other than PFC as PFC precursors and ARC.
Distributions of PFC precursors and A.RC : To ascertain the presence of PFC precursors or ARC, fractionated spleen cells from 30 primed mice at each stage, 12, 24 and 48 hr after SRBC injection, were cultivated without SRBC stimulation .
Firstly., fractionated spleen :cells from :primed mice were cultivated with normal spleen cells. Under such non-stimulating culture conditions, normal spleen cells failed to bring about significant increase in PFC number. Figures 10 A, B and C show PFC numbers after culture of each fraction from 12, 24 and 48 hr after SRBC priming, respectively. No appreciable increase in PFC number is observed when the cells 12 hr after priming are cultivated (Fig. 10 A) . However, in the cells from mice 24 hr after priming (Fig. 10 B) , PFC gradually increase with no lag period in the low density fraction (I+II+III) and fraction IV. Fraction VI also produces considerable amounts of PFC, but in this case there is a 24 hr lag period before PFC increase. In fraction V, no PFC increase is observed.
Quite similar results were obtained when the cells from mice 48 hr after priming were cultivated (Fig. 10 C) . In this experiment, the remarkable PFC increase is shown in fraction (I+II+III), while PFC increases in fraction IV and. VI are relatively slight and no increase is shown in fraction V.
Secondly, to elucidate whether the PFC produced during the mixed culture are derived from PFC precursor cells or resulted from ARC, each spleen cell fraction from primed mice (12, 24 and 48 hr after SRBC injection) was cultivated without normal spleen cells. The number of PFC in each fraction from 12 hr after priming remained unchanged during cultivationn as in the mixed cultures (Fig. 10 A) . In the case of fractions from mice 24 hr after priming, PFC in fraction (I+II+III) and fraction IV increased to nearly the same extent as those in respective mixed cultures (Fig. 10 B) . On the other hand, PFC failed to increase only in the culture of fraction V or fraction VI. Such results found in the fractions from mice 24 hr after priming held true for respective fractions taken from mice 48 hr after priming.
These experimental data suggest that at 24 and 48 hr after priming PFC precursors are present in both fraction (I+II+III) and fraction IV, while ARC are present only in fraction VI.
DISCUSSION
Recently, separation of spleen cells into different functional groups and primary immune response in cell culture have been made successfully. By combining the above two techniques, Haskill, Byrt and Marbrook (1970) obtained several functional cell groups and revealed some of their reciprocal relations in complicated cellular events involved in immune response. In their experiments, non-primed spleen cells were fractionated by density gradient centrifugation with bovine serum albumin and roles of each fraction in antibody production were scrutinized by using in vitro culture under the presence of an antigen (SRBC) . We have also undertaken similar work, using a modified cell fractionation method with non-antigenic gum acacia in place of serum albumin.
In the present paper, existence of two populations of PFC differing in the cell density is shown by distribution profiles of PFC (Fig. 2) . One is in low density fraction III and the other in high density fraction V.
Both PFC populations increase significantly in the spleen of primed mice with SRBC, whether PFC are assayed as direct or indirect PFC (Fig. 3) .
Direct and indirect PFC in fraction III begin to increase 12-24 hr earlier than corresponding PFC in fraction V. To ascertain whether the PFC increase in these two populations depend on PFC precursors, detection of PFC precursors in each fraction was pursued. Pulse-labeling experiments with 3H-thymidine, 3H-uridine and 14C-amino acids imply that low density fraction (I+II+III) may include PFC precursors or some reactive cells other than PFC around 2 days after priming (Figs. 7 and 9) . The results of culture of fractionated spleen cells from primed mice show that PFC precursors are present in fraction (I+II+III) but not in high density fractions . In fact, when fraction (I+II+III) from mice 24 and 48 hr after SRBC injection were cultivated in vitro with no antigen stimulation , PFC i ncrease was observed without any lag period . If cell-to-cell interaction is indispensable for this PFC increase, the rate of PFC increase must be influenced by the addition of normal spleen cells to the culture . But the addition had no effect on the increase of PFC.
On the basis of these evidences, the cells responsible for PFC increase during the culture are thus definable as PFC precursors which are destined for PFC by the antigen stimulation before culture . It is noteworthy that no PFC precursors are detected in fraction V. These results strongly suggest that, in the spleen of primed mice, PFC to be fractionated to fraction III arise from PFC precursors, whereas those to fraction V do not arise from them .
Pursuing the reciprocal relation between the two PFC populations and some morphological data lead to the argument that a serial density change of immunocompetent cells may occur during the immune response to SRBC . Grounds of the argument are enumerated here again. 1) Small lymphocytes in fraction V decrease after priming, whereas immunoblasts in fraction III increase (Fig . 5) .
2) Distribution of immunoblasts is closely related with the bi-phasic distribution of PFC (Figs . 2 and 5 ). 3) In the spleens taken from mice at various times after priming, two PFC populations different in density are present in fraction III and fraction V (Fig . 2) . 4) Kinetics of PFC increases in the primed spleen reveals that PFC increase in fraction III always precedes the increase in fraction V about 12-24 hr (Fig . 3) . 5) PFC increase in fraction III arises from PFC precursors , but that in fraction V dose not. From these bases, it is very likely that by the antigen stimulation some small lymphocytes in fraction V are transformed to immunoblasts in concurrent with decrease in buoyant density, and that such immunoblasts become PFC via PFC precursors with little or no density change, and that after further 12-24 hr most PFC in fraction III begin to increase their buoyant densities and return again to fraction V . Raidt, Mishell and Dutton (1968) also demonstrated that the density of the immunocompetent cells reduced at the early stage of the immune response to SRBC , by cell fractionation in bovine serum albumin gradient and stimulation culture with SRBC . They also presented data suggesting the reversal change of PFC in the later stage which was proposed in the present paper.
On the other hand, immunologically effective cells present in the highest density fraction VI from primed mice are quite different in nature from PFC precursors present in fraction (I+II+III).
Mixed culture of fraction VI with non-primed spleen cells can provoke some cells to produce antibody in the absence of SRBC (Fig .  10) , whereas culture of fraction VI alone or culture of non-primed spleen cells alone fails to elicit PFC under the same conditions . Furthermore, in the mixed culture there is a certain lag period prior to PFC increase in contrast to PFC increase in fraction (I+II+III) which include PFC precursors. Therefore , it is possible to think that the effective cells in fraction VI are not PFC precursors but certain other cells which may stimulate PFC progenitor cells (existing in non-primed spleen cells) to produce antibody.
In the present report, the effective cells of fraction VI were ten- 
